Inverted flat roofs were adopted as a common construction solution throughout the Modern Movement. They require greater protection of the waterproofing layer and sufficient thermal insulation. Depending on the climate conditions, a thicker or thinner thermal layer is installed and energy saving in keeping with the climatic conditions, regulations or national or regional energy policies is obtained. However, the common construction systems tend to be focused on minimising the construction costs of each project, using thermal insulation layers of extruded polystyrene, a modified bitumen waterproofing layer and a finishing layer of 5 cm of gravel. In the case of trafficable roofs, this layer is substituted with ceramic or hydraulic concrete paving. These solutions have given rise to an enormous reduction in the thermal mass of the roof layers located above the isolation layer and consequently, a lack of thermal inertia with which to cushion the effect of the thermal wave of the outdoor environment produced in the indoor climate of the building. Roofs flooded with water in climatologies which allow their application generate significant thermal inertia depending on the depth of the water. They reduce the amplitude of the thermal wave produced in the inside temperature of the buildings by the external thermal variations, generating a considerable increase in comfort and a reduction in energy consumption. This paper outlines the research carried out in the Alicante University Museum. The whole building and its flooded roof have been monitored over a full year cycle and data has been obtained regarding the dry interior temperatures of each layer of the walls, outdoor temperatures and solar radiation, relative humidities, etc. to inverted flat roofs have been obtained, such as the decrement factor and the heat wave.
Introduction
The rising population and technological progress have led to the development of new comfort needs amongst inhabitants. Consequently, increasing power demands have become difficult to meet, when using conventional sources. Recent studies and approaches acknowledge the need to reduce energy consumption and gas emissions into the environment, more precisely in the area of building construction, which is responsible for 17% of final energy consumption values in cities [1] . The traditional building construction systems guarantee the comfort condition in buildings at the expense of excessive energy consumptions in heating and/or cooling, which is detrimental to the environmental aspects promoted by European Union Energy Efficiency Directives [2] .
It is believed that the energy that contaminates the least is energy that is not generated; for this reason, measures need to be implemented to ensure that this principle is followed. Energy consumption and demand is variable over time and depends on climate conditions, type of built space, thermal characteristics and usage. However, to this must also be added the influence of construction elements' thermal inertia [3] , the speed with which changes in environmental conditions affect indoor ambient conditions, and the space's energy consumption and demand [4] .
The first step to be taken in this monitoring process is to carry out research [5] . Once the real thermal behaviour is determined, it will be possible to calculate and evaluate the dynamic thermal characteristics of a component subject to variable environmental conditions over time [6] . Under the scope of these research conditions, the object of analysis and comparison is the thermal inertia contribution of two existing roofs to the thermal behaviour of the two spaces [7] . Two types of roofs are used as reference: a walkable inverted flatroof, very common in today's building construction nation-wide [8] and a flooded roof.
Description of the roofs under analysis

Walkable inverted flat-roof
The walkable inverted flat-roof, forms part of the thermal envelope of a residential block, between party walls, situated in the Alicante town centre. More precisely, the research concentrates on the thermal influence of the roof within the living area covered by said roof: main room of attic D of the residential block. This residential block was not occupied the year the research was carried out. Since the building was not inhabited, the air-conditioning system installed was not operative, therefore this did not affect the data gathered. The windows were fitted with roller blinds with aluminium slats. In the south facing windows the blinds were partially rolled down, since installation, i.e. practically throughout the entire data gathering process. The north facing windows were not protected by blinds. Table 1 details the construction characteristics of the roof. 
Flooded roof of the MUA
The flooded roof forms part of the thermal envelope of a tertiary building, the Museum of the University of Alicante [9] , located in San Vicente del Raspeig, a municipal town near Alicante. More precisely, this research concentrates on the thermal influence of flooded roofs on the living space covered by said roofs: area of the Museum's management offices. The room covered by the flooded-roof being analyzed, forms part of a space that was acclimatized throughout the entire monitoring period. Moreover, the windows of the southern facade are protected by opaque roll-up curtains. These curtains are always rolled-down, preventing the inflow of light into the exhibition room. Throughout the year under review, the thickness of the sheet of water on the flooded roof, varied between 10 and 20 cm. This behaviour is due to water volume loss and gain, arising as a result of evaporation processes and rainfalls. The roof does not incorporate an auto-fill system to maintain roof's water level constant. Table 2 details the construction characteristics. 
The dynamic thermal characteristics analyzed
One way of having energy available in buildings, when required, is through energy accumulation. This way it will be possible to reduce temperature drops by distributing energy throughout various consumption spans. The UNE EN ISO 13786 "Thermal performance of building products and components. Dynamic Thermal Characteristics. Calculation Methods", describes how to evaluate the manner in which building elements contribute towards the energy saving and consumption in buildings. The dynamic thermal characteristics of a building component describe its thermal behaviour when subject to variable environment conditions over time, such as heat or temperature, on its facades. The properties to be considered are thermal admittances and dynamic heat transfer, for the periodic variations described. Thermal admittance associated to heat flow due to temperature changes. Dynamic heat transfer properties combine the physical variables on one face of the component with the properties of the other building faces. Thermal characteristics may be used in both specific products and constructive sections composed of layers of materials [10] .
This research centres on buffering factor dynamic components and the time lag of the thermal wave. These parameters were obtained from monitoring process data gathered during each of the previously mentioned construction sections.
Effusivity and buffering factor
This value represents the temperature ranges of indoor and outdoor spaces and whose value depends on the thickness and effusivity of each material that forms the construction section. The buffering of a construction section is not a cumulative buffering process of each type of material. The buffering of each layer is applied to the energy released by each prior material layer [11] . For each of the roofs analysed, the buffering factor was analysed. The process carried out was as follows: 1. The thermal buffering value of each section was calculated for a 24-hour cycle, following the matrix method described in the UNE ISO 13786 standard [12] . 2. The data obtained during the monitoring process is used to calculate the thermal buffering of each roof section. A maximum and minimum indoor and outdoor ambient temperature value is selected for each day of the year being monitored. The buffering factor, per day, is calculated using the formula in Figure 2 . 3. The values provided by the standard are graphed and compared against the experimental values.
Diffusivity and time lag
Another thermal characteristic analysed was thermal diffusivity: capacity of a material to transfer temperature changes. This thermal time lag is used to analyze heterogeneous construction sections' capacity to attenuate temperature ranges. This value defines the time that elapses between ambient temperature changes and its appearance on the opposite face of a construction component submitted to a transitional heat calculation method. The time lag process is added to the partial time lags of each of the layers [11] . The time lag factor was analysed for each roof under analysis. 1. The thermal time lag value of each section was calculated, for each 24-hour cycle, following the matrix method described in the UNE ISO 13786 standard. 2. The data obtained during the monitoring process is used to calculate the thermal time lag for each roof section. The maximum and minimum values for internal and external surface temperatures are calculated for each day of the year being monitored. 3. The values provided by the standard are graphed and compared against the experimental values.
3 Development of the experimental analysis (monitoring)
Defining the monitoring equipment
The monitoring process consisted in gathering climate data like temperature, humidity and solar radiation and characteristic data of the construction sections during a full one-year cycle, on each case, every thirty minutes. To complete the analysis of climate data, climate data from other sources was also used:
 National Institute of Meteorology (AEMET): EST_8025 and EST_8019 weather stations;  University of Alicante's Climate Lab.
The following sensors and data recorders were used: Datalogger with incorporated sensor for measurement and gathering of environment temperature and relative humidity data (Sensor Chip: SHT21 generation chip 4C CMOSens); type K thermocouple sensor of the surface formed by a 13 mm × 25 mm metal surface and a intertwined stainless steel cable; type K thermocouple formed by a 100 mm stainless steel probe and optic fibre twisted cable; Sensor, CMP3 pyranometer model, for overall solar radiation measurement. Tables 3 and 4 show the location of the sensors on the layers of the roofs under observation. In the case of the residential building, sensors were installed during the construction phase of the roof. In the MUA the layers were accessible due to the revamping done. Table 3 :
Location of the sensors of the residential building's roof. 
Results
Results of the monitoring process
For each seasonal period was selected the day with the widest temperature range, i.e. with the highest outdoor ambient temperature change:
A. Walkable inverted flat-roof:  Spring: 12 April 2014, from 00:00:00 until 24:00:00.  Summer: 16 July 2014, from 00:00:00 until 24:00:00.  Autumn: 21 October 2014, from 00:00:00 until 24:00:00.  Winter: 10 January 2015, from 00:00:00 until 24:00:00.
B. Flooded roof:
 Spring: 21 May 2014, from 00:00:00 until 24:00:00.  Summer: 11 September 2014, from 00:00:00 until 24:00:00.  Autumn: 23 October 2014, from 00:00:00 until 24:00:00.  Winter: 29 January 2015, from 00:00:00 until 24:00:00. In Figures 2 and 3 are represented the values of interior and exterior ambient temperatures, solar radiation and surface temperatures of both sections. The internal surface temperatures, of materials that make up the section of the walkable inverted flat-roof, are also represented in graph format. To reference the thermal comfort [13] , two lines are graphed to represent the maximum and minimum indoor ambient temperature values obtained from the comfort conditions following regulations for thermal installations in buildings (in Spanish, RITE) [14] .
The temperature on the exterior surface of the roof, finished-pavement (Figure 2) , is higher than the ambient temperature. The outdoor air temperature values obtained in spring was 38.16%, in summer 37.28%, in autumn 26.28% and in winter 24.26% below the temperature of the pavement surface, related to the impact of solar radiation. In the construction section different thermal zones arise due to the thermal capacity and inertia of the materials:
 The area of the section ranging from the indoor ambient to the thermal isolation of the layer (excluded). This is due to the thermal mass accumulated by the materials in the section.  The area of the section ranging from the outdoor ambient to the thermal isolation of the layer (excluded). The thermal isolation layer, absorbers outdoor temperature variations, allowing the section's internal mass to buffer indoor ambient temperature changes.
The residential incorporates a thermal conditioning system, but this system was not operative during the analysis period. Notwithstanding this circumstance, the ambient temperature was uniform but, as indicated in the graphs, outdoor the thermal comfort parameters. In the case of the walkable flooded roof, the exterior roof (Figure 3 ), surface temperature, sheet of water, varies in relation to the exterior ambient temperature, but in ranges different to those of the dwelling. This area, where the ambient temperature increases before it reaches the water surface, is represented in the graphs. Based on data obtained, the exterior air temperature is 38.60% in spring, 25.1% in summer, 18.205 in autumn and 18.80 in winter. But, always below the temperature of the water sheet surface. It is important to highlight the non-existence of two different thermal areas. This is due to the fact that the construction section does incorporate thermal isolation. The room incorporates a thermal conditioning system, but this system was not operative during the analysis period. Consequently indoor temperatures fluctuate between the programmed set temperatures, in majority of the situations, not meeting comfort parameters. Throughout the year of the analysis the thickness of the water sheet varied between 10 and 20 cm. The roof does not incorporate an autofill system to control the roof's water level and to maintain it constant.
Buffering factor
Figures 4 and 5 were drafted based on the resulting thermal buffering data, obtained following standard requisites and using the thermal values recorded throughout the roof monitoring process. In the case of the walkable inverted flat-roof (Figure 4) , the maximum values, 100%, correspond to moments during which the indoor air temperature did not change. The minimum values vary, to a great extent, between 80% and 96%. These were the values obtained during the spring, summer and autumn seasons. From November to January, the minimum buffering values drop to between 11% and 29%. Such low buffering values relate to periods during which the buffer range of outdoor temperature is higher than the thermal range of indoor temperatures. Outdoor temperatures fluctuate more than indoor temperatures.
If the analysis concentrates on the average annual buffering value, obtained from the temperature values recorded during the monitoring process, for a 24-hour cycle, the annual average value of thermal wave buffering is 6.2%, i.e. 93.81% of the heat transfer does not occur in the interior. The range of the internal wave is reduced by 93.81% in relation to the range of the external wave, and for this reason indoor temperatures remain constant. According to the UNE ISO 13786, for a 24-hour cycle, the buffering of the thermal wave is 11.2%, i.e., 88.82% of the heat transfer does not take place indoors. The range of the internal wave is reduced by 88.82% in relation to the range of the external wave, and for this reason indoor temperatures remain almost linear.
In the case of the flooded roof ( Figure 5 ), the average annual buffering value, obtained during the monitoring process for a period of 24 hours, is 28.6%, i.e., 71.40% of the heat transfer, does not pass indoors. The range of the internal wave is reduced, in relation to the range of the external wave by 71.40%. According to the UNE ISO 13786, for a 24-hour cycle, the buffering of the thermal wave is 7.9%, i.e. 92.1%, as was the case with the previously mentioned roof. 
Time lag of thermal waves
In Figures 6 and 7 In the case of the walkable roof (Figure 6 ), the annual average value of the time lag of the thermal wave, based on the values obtained during the monitoring process, for a period of 24 hours, is 10.832 hrs, i.e., it takes 10.832 hrs for the heat to pass through the roof. The time lag value of the thermal wave, obtained according to the UNE ISO 13786 standard, is 11.492 hrs, for the entire section of the roof. That is, it takes 11.492 hrs for the heat to pass through the roof. Likewise, for the flooded roof (Figure 7) , the annual average value of the time lag of the thermal wave, for a period of 24 hours, is 14.36 hrs, i.e., it takes 14.36 hrs for the heat to pass through the roof. The time lag value of the thermal wave is 11.252 hrs, for the entire section of the roof.
Conclusions
When studying the energetic behaviour of an architectural space, it is indispensable to monitor the element being analysed. During the winter, when the flooded roof was monitored, it was difficult to analyse the recovery of thermal inertia, because of the fact that air-conditioning systems were also being used. In the case of the inverted flat-roof, it was observed that indoor air temperature tendencies are almost linear; temperature does not vary at the same pace as the outdoor air temperature does. For the exhibition space, where the flooded roof without thermal isolation is situated, the tendency of indoor ambient temperatures is not linear. Throughout the day, minimum temperature values were recorded during the early hours of the morning and at midday maximum values were recorded.
In what concerns thermal buffering, in the analysis of both roofs, the inverted flat roof applied over an interior ambient without operating air-conditioning system, as was the case with the flooded roof of the MUA, which was permanently acclimatized, its thermal behaviour is as indicated in the UNE EN ISO 13786 standard is the real behaviour, annual average value, obtained whilst monitoring of the construction section. In the case of the flooded roof, because of the air-conditioning system installed the thermal buffering values obtained throughout the year were very low. The room's thermal air-conditioning system maintains indoor temperatures within the set values; this affects the internal thermal range which is calculated based on indoor and outdoor temperature range ratios. Consequently, the air-conditioning system affects indoor ambient temperatures and the buffering values of the wave change, and therefore do not represent a real behaviour. If we compare the thermal buffering of the two roofs based on standard values, the 92.10% thermal wave buffering obtained for the flooded roof is higher than the 88.82 % obtained for the walkable inverted flatroof.
In what concerns the time lag of the thermal wave, in the case of the inverted flat roof, the theoretical behaviour is equal to the real-life behaviour of the construction section. On the contrary, the analysis of data obtained for the flooded roof shows that the theoretical behaviour is slightly different to real-life behaviour of the construction section. Since this space is acclimatized throughout the entire annual period recorded, the values of the indoor temperatures are conditioned by the air-conditioning system and programmed set temperatures. Therefore, if we concentrate on the comparative of the time lag of the thermal wave for the two roofs, based on standard values, there is a time lag of 11.25 hrs between outdoor and indoor maximum temperature values obtained for the flooded roof, whilst for the walkable inverted flat roof the time lag is 11.49 hrs.
